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ABSTRACT

This report contains a summary of tre work

during the three months ending September 30, 1953 on the
development of desien and manufacturin: techniques of high
KVL types of transmitting capacitors, end is the third

q arterly report under this contract --10bsr-57558. Re=-
sults of measurements of equilibrium temoercture under
redicfrequency orciation of s-mples prepared in specified
ways are pres-nted and aiscusczed. Th>» eifect on per-
formzance of the nature of th= electrical connections and
of the potting wuex is shown. The dependence of hot spots
at the surface of th: corucitor on the internal arrange-
ment of the components i: “iscussed and the effect of
this on the inflerred power f{:ctor of the ca,acitor is
st.owne &n outline of the rroposed srogram for the next

three months period is aprended,
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CAFLCITOR3, HIGH KV. TRINSUITTIVG TYPES, CLASS DISLECTRIC
PURPOSE

The purvose of tiiis program is the develop-
ment of design and manufacturing techniques for t ransmitting
types of capacitcrs, cace sizes 75 through 95, with glass
as the di-lectric material. The external design of these
capacitors will be 4ept as close as possible to existing
forms, so thut they will be physically interchangeable
with micz cspacitors; and th- electrical design will be
determizied so thrt wherever nossible they mcet the test
and op2rating reguirements cutlinad for these capacitors,
‘traight-line rroduction f=cilities will b~ set up from
vhich 2 quantity of ench trie, to be produced by these
methods, will be surplied t~ the bureau ef _hips for
ensincering evaluntion., The roals of this research, and
tne requirements on it, are: set forth in the sp2cification
Ships='=95, 14 april, 1752, which defines the aims and
purposes of this contractse Forticns of this opecification
are included with the rirst juarterly report, covering work

from Junuary 1 to 31 Mcreh, 1953.
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DITAILED FACTUAL DATA

I, Case and mounting of the capacitors.

Development work during this period has been
confined mainly to consideration of amdmeasurements on the
75 size, which i1s the smallest of the seven sizes to be
produced. Some desipgn has been done on the larger siges,
and all work has been planned so that the information
gained on on~ size will be usable for other sizes. In
ord:r t» mzke this information as common to all sizes as
possitle, we hav- dzecided that, except docsibly for the
very lowest coo citances, %1l the component stacks will
te of the coaventional types, with all dielectrics in
narallel within the st-ck, rather than the shielded foil
construction in which the arringerment is a scries-parallel
one, These all=-parcllel compcnents are adapteble to
st-cking bty au.omatic or zemi-zutomatic methods. The
completed cmpacitor is t:en formed of zs many components
in series as are nececs.ry to m-et the test or radio-
frequency orerating voltarss, and asc many in parallel
&s are necessary to meet th- required cipccitance. For
mechanical reasons this as-erbly is included within a
suitable conteirer, whnich will in every instance te inter-
changeable with its mica capacitor counterpart. ’he wall
of the contziner is a right cvlinder of glass tubing,
which for the 75 size is acoroximately Z.5" O.D. and
2% long, with 1" wal'e The end plates are 1/8" brass

with specified peripherzl <imensions. . band near the




ends of the rlass cylindcr may be metallized and the brass
plates soldered rnereto. nis seal ras been made in
experimental ccpacitors by meesns of a synthetic rubber
base, two component, industrial sealing compound
(Minnesota Minins and lManufacturing Co. EC801). rre-
liminary tests show thct this adhesive remains fairly
flexible at =2°°C and stzble up to perhaps 150°C, Come
pared to a s-lder joint, an adhesive joint secems to have
the advant-ges of economy and case of fabrication. The
use of guch =material will be investigated further through

vibration and thermal cycling.

II. =lectrical cdesign of tlie capacitors,

Mominal vzlues of capacitance chesen for
initial work in czse size 75 are 1000, 10,000 and 100,000
mmfd, Tre specified racdiofrequency power at 1 megacycle
is a meximum in the re~ion of 1000 mmfde For capacitances
Frezter than 10,000 i~ fd, the specified radiofrequency
rower is markedly reduced -- the specified radiofrequency
currents increase very little with ccpacitance above this
value, .n»proximately 350 vnlts czt radiofrequencies hcs
b:an taken to be the point ¢f onset of corona for these
component stacks with .0027 thick dielectric, and atout
700 volts, 60 cycles .C, as a safe life tast rating for
the szm thickness of glass. These values are derived
from earlier reoorts and citad references. at low
cap-citances, therefore, the zxpected voltage of corona

onset determines the deosign, and at ligher czpacitances,
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the life test requirements ars the controlling criteria,
For different frequencies this htreakover occurs at
different capacitancesj the cbove two cepacitances are
within this reszion. Table 1 shows the construction re-

sulting from trece considerations.

Table 1
Capacitarnce 1F  Voltage reak working Components Total Stack
«3mc l.mc Voltage in Series Capacitance
100 mafd 4340 3180 6000 14 19,600
1000 2720 1200 6000 8 04,000
10000 " 920 320 400 5 250,000
100000 " 135 35 1000 2 400,000

Firure I displays the results on a CY75,
. nominally 1000 m''fd, for the equilibrium temperature of
\én arbitrary spot on the surface of the cylinder versus
circulating power. The particular wax usad, a low power
factor microcrystalline type of wax, began to melt in the
region of 750C == about 50°C temperature rise., The in-
ferred power factor for less than this temperature rise,
derived from equilibrium m~asurements on a similar con-
tainer with a resistor enclosed, is .25%, The peculiar
shape of the curve, and the relatively large fluctuations
indicated in the <¢cuilibrium value for some of the points,
are protably thle result ¢f the wax within the czpzeitor
melting, allowing thermal currents to form. The results
on ancther sample are shown as serial number two, with a

derived power factor of ,l1l%. Those power factors are
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much hirher than expzcted. Dismantling one of these
samples and replacing the terminal straps with heavier
material did not significantly affect these results.

It was suspected that a relatively large resistance
existed at the series connections betweeh the stacks.

/. special tool had been desizned to fold a heavy
aluminum or other metal clip around the exposed foils
of the capecitor cstacxs, and to crimp them together,

it was considered possible that the potting wax, whose
function in this design is primarily mechanical, had
entered these crimped joints &nd increaced their re-
sistance., Several joints were made and their resistance
measured by a relvin doutle bridge methcd. Results are

shown in Table 1I, for resistances of these joints in ohms.

Table 11

Type Joint Resistance Resistance
B:fore Waxing after YVaxing

Al foil to Cu - crimped 1900 x 10=% 3250 x 10~°
crimped 1710 x 10~® 3620 x 107°
-6 440 x 10~°

Al foil to Cu - " it 370 x 10-6 370 x 10-6

Al foil to Cu

Al foil to Cu - spot-weldedilO x 10

Al £o11 to Al - crimped 3320 x 106 12200 x 10~°

It is seen that there was no chanfe in the resistance
before and after waxing for spot-welded joints, but
that there wac a larr: change for crimped joints. Te

determine tire number of averzre-sized spots necessary,

the measurements detailec in Table III were made,




9
' Table III
Sample No, No. of "‘elds Resistance (micro-ohms)
(per 1-1/4") Measured Average
1 3 565
’ 2 3 567
+ 3 3 527 553
[N 6 L79
5 6 510
6 6 520 503
7 9 L69
8 9 430
9 9 530 L93
10 12 510
11 12 470
12 12 L70 483

Above 6 spot-welds, or about 5 per inch, th: decrease

in resistance is very small, and may be neglect=d com-
pared to the total of the rosistance 2lements in the
capacitor., Firure 2 shows the behavior st 1 megacycle
of two sep rate 1000 mmfd 75 size c-pacitcrs with

welded joints. The derived power factors are .090» and
.072%. These results are collected in Table IV, with the
circulating power at 1 mer.cycle to -ive 159C temperature

rise in air.
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Q’ Table IV
Capacitor Measured PF at PF at Pl at Circulating Power
No. Capacity 1 Kce 1l iic. in 1 Mc. in at 1 Mec in Air for

(mmf) (%) Air (%) 0il (%)  15°C case Temp.
Rise (KVA)

CY75-102-1 1182 115 .25-.17 l.45-2.1

CY75-102-2 1190 095 .11-.094 J.b =3.9
| CY75-102-3 1069 07 .09 .077 4ol

CY75-102-4 1036 .07 .072 5.1

It is szen that even for the lowest power factor so far
achirved the circulating power at 1 megacycle for 152C
rise {s about 5 KVL, This is to bercompared to 9 KV. im-
plied by the rated current cf 7,5 amperes at this fre=
quency. To meet this requiremant, the power factor will
have to le reduced to approximately .CLOj.

! In the rlasc copacitor stacks the electrodes,
which are ,00025" or ,0C017" thick aluminum foils, sre
sealed to the glass =nd of c urse make good thermzl con-
tact. These foils extend out from the capacitor steck
edres, and are near and in some instonces touching the
inside surface of the glass cylinder, whose wall thickness
l is only .1". Therefore zny energy renerated within tle
dielectric is very quickly removed to the walls of the

container, tor a eciven surface temrerature it follows

H that the dielectric temperzture is certainly lowzr than
for a capacitor potted in a conveational thick-walled

‘ ceramic housing. Also at equilibrium, variations in

temperature over the —“urface of the glecss will be

greater, To find the marnitude of this effect, a capzcitor
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Q case was filled with some capacitor stacks of about the
same size and ~eometry as in an actual capacitor, and
these were wound with a recistance wire, After sealing
this was then immersed in an o0il bath, and the tempera-

ture rise of the circulating oil was measured in terms

* of watts dissivated., The capacitor designated as number

3, which had power factor .090;; inferred from the rise

in temperature of a particuler spot on the case in air,
was then immersed in this same bath. Figure 4 shews
: results of this det-rmination based on the slope of the
I straicht line of Ficure 3. The fDbpe of the straight

line best fitting these points is .077%. This repre-

sents more nearly an averzre temperature rise for the
test caepacitor.
Tle construction of the capacitor will

require, we belicve, some kind of a mechanical support

ror tie capacitor stacks within the case. A wax or re-
sin will be most suitatle -- hecause the case can be
sealed we need impose no moisture secling requirement

on the waXx. 'e need only require that it have sufficient-

ly high melting voint and te sufficiently plastic at

low temperature, In addition, ‘ecause we cannot cemplctely

avoid inter-stack and other stray caracitences, it should

have a reasonabtly low powcr factor, and reasonably high

resistivity, Lielectric constants of usable materials
‘ will all be a%out tre s:me, so that this latter is a

secondary consideration. Several waxes are being tried

for their suita®ility in the light of the atove criteria--

most of them appear to be reasonzbly satisfactory.
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PROGRAM FOit '!.XT INTZRVAL

The program ~f work for the next interval

is diagrammatically presented in the Project Performance

and Schedule, Figure 5. The evaluation of the perform-
3 ance of specified crpacitanc:s in various case sizes

will be continued. The gener:l design will be that of

unit components in a series-narallel array within a
container of stzndard size, Work on reduction of hot
spots on the surface of the container will continue,
perhaps by creation of an artifical isothermal sur-
face, An analysis of the interrelation of the re-
quired components for the various capacitances and case
sizes will continue, 80 that their number can be re-
duced to a minimum, Additional investigations will be
nececsary to find the optimum potting wax and case

adhecives,

80-81015-10
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